Abstract HIV is frequently transmitted in the context of partners in a committed relationship, thus couples-focused HIV prevention interventions are a potentially promising modality for reducing infection. We conducted a systematic review of studies testing whether couples-focused behavioral prevention interventions reduce HIV transmission and risk behavior. We included studies using randomized controlled trial designs, quasi-randomized controlled trials, and nonrandomized controlled studies. We searched five electronic databases and screened 7,628 records. Six studies enrolling 1,084 index couples met inclusion criteria and were included in this review. Results across studies consistently indicated that couples-focused programs reduced unprotected sexual intercourse and increased condom use compared with control groups. However, studies were heterogeneous in population, type of intervention, comparison groups, and outcomes measures, and so meta-analysis to calculate pooled effects was inappropriate. Although couples-focused approaches to HIV prevention appear initially promising, additional research is necessary to build a stronger theoretical and methodological basis for couples-focused HIV prevention, and future interventions must pay closer attention to same-sex couples, adolescents, and young people in relationships.
Introduction
Sexual transmission of HIV occurs frequently in the context of a primary relationship between two consenting partners. However, HIV prevention interventions generally focus on individuals rather than specifying couples as a unit of change and analysis, neglecting the potentially crucial role that partners may play in sexual behavior (Allen et al. 2003; Painter 2001) . Underpinning the dominant interventional focus on the individual, HIV prevention tends to be based on theoretical models emphasizing individual determinants of sexual risk behavior, such as the AIDS Risk Reduction Model (Catania et al. 1990 ), Health Belief Model (Becker 1974) , Information-MotivationBehavior Model (Fisher and Fisher 2002) , and Theory of Reasoned Action (Ajzen et al. 2007 ). These approaches generally focus on the role of cognitive and motivational processes that operate at the level of the individual such as self-efficacy, personal beliefs and intentions, and perceived norms toward condoms (Albarracin et al. 2005) . Interpersonal dynamics between partners tend to be overlooked in HIV prevention models. However, examining the broader literature on partner influences in health behavior demonstrates that partners and accompanying relationship factors need to be included in how we conceptualize health behavior change (House et al. 1988 ; Lewis et al. 2006 ). This may be especially relevant with regard to HIV-related sexual behaviors.
There is a growing consensus that HIV prevention research should address couples as a unit of behavior change and intervention (Harmann and Amico 2008) . Earlier studies provided preliminary evidence for the feasibility of couples-focused interventions for HIVparticularly the role of couples-focused voluntary counseling and testing (Allen et al. 1992; Higgins et al. 1991; Padian et al. 1993) . Moving beyond the context of HIV testing and counseling, more general couples-focused HIV prevention programs may differ from individual-focused HIV prevention programs by addressing the ongoing dynamic and interactional forces within dyads that contribute to sexual risk behavior, including gender roles, power imbalances, communication styles, child-bearing intentions, and quality of relationship issues (e.g., commitment, satisfaction, intimacy). Optimal modes for delivering couples-focused HIV prevention programs may differ from modes for intervening with individuals, for example by including couples counseling and exercises that involve both members of the dyad. Couples-focused programs might simultaneously include both dyad members, or might address each member separately and alone, or might involve a combination of both modalities. Evaluation of couples-focused HIV prevention programs might also differ from individual-focused programs, for example by evaluating patterns of sexual behavior within the dyad, disaggregating sexual behavior with primary versus secondary partners, and deriving composite measures of couple-level risk using algorithms based on each partners' individual behavior within and outside the relationship.
Although couples-focused HIV prevention interventions have been promoted as a potentially promising strategy, there exists no known synthesis of the research on the effectiveness of these programs. Based on a comprehensive literature search of all high-quality evaluations of couplesfocused HIV prevention programs, the aims of this paper were to (a) describe and synthesize findings from identified studies, and (b) conduct a critical analysis of the state of this research.
Methods

Inclusion Criteria
This review included any trials reporting evidence from prospective comparative evaluations of couple-focused interventions for the behavioral prevention of HIV, and which involved or attempted to involve both members of a self-identified couple. A couple was defined here as a dyad (two-person pair) involved in an intimate sexual relationship; length of relationship and depth of emotional commitment was unspecified in our search, and was left to be determined by primary study investigators. Studies could involve couples from anywhere in the world. Our a priori outcomes of interest were reduced biological indication of HIV or STD infection or reduced sexual risk behavior in the intervention versus the control group. We included studies measuring any biological outcomes (e.g. HIV incidence, STI incidence, pregnancy) or behavioral outcomes (e.g. unprotected vaginal, oral, or anal sex, sharing of needles) as relevant markers of HIV risk. Studies that did not report either a biological or a behavioral outcome were excluded.
We included any randomized controlled trials (RCTs), quasi-randomized controlled trials, and nonrandomized controlled studies of couples-focused interventions compared to any control group, in which participants were assigned to study groups and in which control group outcomes were measured concurrently with intervention group outcomes. Programs did not need to administer treatment to both dyad members together and concurrently; however, we excluded trials of interventions that targeted just one individual in a couple.
No exclusions were made by control group condition (e.g., usual care, another HIV prevention intervention, no treatment, an attention-matched treatment, a different version of the experimental program) or by demographic characteristics, sexual orientation, HIV status, seroconcordance, or other factors. However, studies were excluded if the control did not involve a different type of intervention, such as studies in which the same intervention was administered to different populations. Additionally there were no exclusions by setting, timing, dosage, program activities or organization delivering the intervention.
Literature Search
Electronic searches of AIDSLINE, CENTRAL, CINAHL, PsycINFO and PubMed from 1980 onward were carried out by reviewers in April 2007, and searches of the International AIDS Society Abstract Archive from 2000 to 2006 were also conducted. In addition, existing reviews and primary studies were cross-referenced for further citations and we searched for unpublished literature and ongoing trials by contacting experts and active researchers in the field. The search included terms specific to HIV/AIDS, study design (e.g., control, comparative), and intervention focus (e.g., including search terms ''couple,'' ''dyad,'' ''marital,'' ''married''; the full search strategy is available from the authors). Although there were no linguistic or geographic search restrictions, articles were excluded if there was insufficient information available in English to interpret the study.
All articles were initially screened by three reviewers to exclude records that were not clearly relevant. Reviewers received training on the initial screening criteria using a small subset of abstracts to ensure that they reached a high ([95%) level of agreement, after which they independently screened the remaining abstracts. Reviewers were encouraged to apply a more liberal approach to the initial abstract screening, to allow for more articles to be read in their entirety alongside a more stringent screening based on review of the full text. Reviewers were not blind to the identities of study authors, funding, or any other characteristic of the primary studies. Complete texts of all potentially relevant articles were retrieved and scrutinized by two reviewers who read each study and decided on conceptual and methodological relevance by consensus. All reviewers approved the final list of included studies. Study authors were contacted to clarify trial details as needed.
Data Extraction
Reviewers extracted data including details about study design, participants, interventions delivered to the intervention and control groups, method of data collection, baseline differences, attrition, analytic procedures and treatment effects. Where data were reported on cost, adverse events, acceptability and program implementation (i.e., program design, actual delivery by clinicians, actual uptake by participants, and context), this was also extracted. If the search retrieved multiple reports of any intervention, data were extracted from all available reports.
Analysis and Assessment of Study Quality
Our overarching aim was to summarize the state of evidence on effectiveness of couples-focused HIV prevention interventions, with a secondary aim of assessing the quality of existing studies. Provided there was reasonable methodological justification for pooling results across studies, meta-analysis would have been a statistical technique for summarizing the effect size across trials. But if metaanalysis was deemed inappropriate (e.g., due to heterogeneity among study designs, outcomes, intervention processes), we aimed to provide a narrative summary and critical analysis.
We assessed the following aspects of study quality:
(1) Study design (RCT, quasi-RCT, quasi-experimental study) (2) Method of allocating participants to trial arms (3) Concealment of allocation sequence from trial staff and from personnel who recruit participants into the trial (for RCTs) (4) Blinding of participants, program staff, and outcome assessors (we did not expect most studies in this field to blind participants and/or facilitators, as preliminary research suggests that these interventions often involve time and personal contact) (5) Baseline differences between trial arms, methods of controlling for differences in analyses (6) Attrition: percentage dropout at each follow-up, differential attrition between trial arms, and differences between dropouts and participants who are retained (7) Method of outcome assessment (e.g., ACASI, biomarkers, self-report) (8) Analytic procedures: Intention to treat, complete case, per-protocol, or treatment-on-the-treated
We did not make any exclusions due to study quality, but instead report these aspects of methodological quality in the review.
Results
The electronic database searches initially retrieved 7,628 records (56 from AIDSLINE, 374 from CENTRAL, 919 from CINAHL, 927 from PsycINFO and 5,352 from PubMed). Cross-referencing retrieved an additional 37 records. After the removal of duplicate references in Endnote, 7,404 unique records were screened. Of these, 121 records were deemed relevant by any reviewer and marked for full-text retrieval. There was insufficient information available in English to interpret three studies and despite efforts to contact authors it proved impossible to obtain sufficient information to determine the inclusion of three other studies. Of the 115 papers retrieved, 14 were supplementary citations for included studies, 3 referred to ongoing studies and 4 studies were still awaiting assessment, their authors having been contacted for missing statistical and descriptive data. Four studies that initially appeared to meet inclusion criteria were later excluded. Two of these reported couple-focused interventions, however, neither were prospective comparative trials (Allen et al. 1992 and Parsons et al. 2000) . Two further studies were excluded since they described differing risk groups that received the same intervention; Allen et al. (2003) compared HIV? discordant couples to couples who were HIV-concordant, while Kissinger et al. (2003) compared HIV? couples with those who had syphilis. Eighty-four further studies were excluded for reasons specified in Fig. 1 .
Description of Included Studies
Six studies published between 2000 and 2007 reporting couple-focused behavioural interventions for HIV were included in this review (see Table 1 for characteristics of AIDS Behav (2010) 14:1-10 3 included studies). These studies ranged in size from 26 index couples (Koniak-Griffin et al. 2008 ) to a three-center trial including 586 index couples (Coates et al. 2000) . Three studies were carried out in the United States (El-Bassel et al. 2003 Harvey et al. 2004; Koniak-Griffin et al. 2008) while two took place in Africa (Farquhar et al. 2004; Jones et al. 2005) , with one further study conducted in sites in Africa and the Caribbean (Coates et al. 2000) .
Intervention Design and Content
Three studies used RCTs and three used quasi-experimental designs. One RCT (Harvey et al. 2004 ) compared a couples-focused HIV prevention intervention with a couples-focused community educational program. Another RCT (El-Bassel et al. 2003 ) used a three-arm design, comparing an HIV prevention intervention given to either couples or to female partners alone, in comparison with an education control condition comprising female partners alone. A third RCT (Coates et al. 2000) delivered HIV voluntary counseling and testing (VCT) to both individuals and to couples, and compared these treatment conditions to individuals or couples who received health information only. In a quasi-experimental study, Koniak-Griffin et al. (2008) compared an enhanced couples-focused 12-h HIV prevention program with a 1.5 h didactic presentation providing standard information on HIV/AIDS. Jones et al. (2005) provided single-gender, group-based HIV prevention to women and randomly allocated their male partners to either a high or low intensity group HIV prevention intervention. Farquhar et al. (2004) compared those participants who wished to undergo VCT individually versus those who chose to complete VCT with their partner. Definition of ''couple'' varied between studies. Three studies (Coates et al. 2000; El-Bassel et al. 2003 Harvey et al. 2004 ) included participants with a primary/ main or regular sex partner (i.e., those with legal/commonlaw spouses or regular girl/boyfriends) whereas another defined couple relationships as 'characterised by romantic/ sexual intimacy' (Koniak-Griffin et al. 2008) . Jones et al. (2005) simply encouraged participants to invite 'their male partners'. In Farquhar et al. (2004) nearly all those who enrolled as couples had been married or living together for over 3 years; however, there was no explicit operational definition of a couple. Only two studies (El-Bassel et al. 2003 Koniak-Griffin et al. 2008 ) specified length of relationship as part of their inclusion criteria (C6 months and 3 months, respectively). Details of other specific inclusion and exclusion for participants in trials reviewed are reported in Table 1 .
There was notable heterogeneity in intervention content. Couples-focused VCT was evaluated in two separate interventions (Coates et al. 2000; Farquhar et al. 2004 ). The counseling intervention by El-Bassel et al. (2003) emphasized relationship context, gender roles, communication, and intimacy as contributors to unprotected sex. Jones et al. (2005) provided female participants with cognitive-behavioral skills training delivered in same-gender groups, and their partners were randomly assigned to a high or low intensity same-gender group HIV education intervention. The intervention by Harvey et al. (2004) provided Hispanic women and their male partners culturally appropriate counseling and facilitated discussions in small groups about relationship dynamics contributing to sexual risk behavior and choices about contraception. KoniakGriffin et al. (2008) implemented a theory-based, culturally-sensitive couple focused intervention for adolescent mothers and their male partners which addressed HIV awareness, vulnerability to HIV infection, attitudes and beliefs about HIV and safer sex. Four interventions (Coates et al. 2000; Jones et al. 2005; Harvey et al. 2004; KoniakGriffin et al. 2008 ) explicitly described including either condom skills or a condom demonstration, and four studies (Coates et al. 2000; Jones et al. 2005; Farquhar et al. 2004; Harvey et al. 2004 ) explicitly reported providing participants with free condoms. Interventions were carried out by a variety of trained HIV prevention educators and health professionals. The number of intervention sessions delivered to participants also differed between studies. VCT interventions included both pre and post-test counseling and offered additional counseling sessions at follow-up. Other programs provided between two and six intervention sessions which were delivered over a range of time periods. Follow-up assessments took place from 6 to 14 months after intervention.
Participant satisfaction with the intervention was described for three trials included in the review (El-Bassel et al. 2003 Jones et al. 2005; Koniak-Griffin et al. 2008) , and were generally positive. Cost effectiveness was reported for only one trial (Coates et al. (2000) . Implementation data, including delivery, was reported for three studies (Coates et al. 2000; El-Bassel et al. 2003 Harvey et al. 2004 ).
Methodological Quality
The methodological quality of the studies was variable. Only one of the three randomized controlled studies reported secure allocation concealment (Coates et al. 2000) . Allocation concealment was compromised in one study (El-Bassel et al. 2003 when it was discovered that a few random assignment allocation envelopes had been omitted accidentally. Harvey et al. (2004) reported that their method of group allocation was not blind. One further study (Jones et al. 2005) , where randomization was used to allocate partners to high or low intensity intervention, did not report their method of allocation. Given the nature of the interventions undertaken, it was impossible to blind participants or intervention providers to treatment conditions in any of the included trials. The remaining quasi-experimental studies did not randomly assign participants to condition, which might have permitted uncontrolled and unrecognized biases between treatment groups.
Summary of Study Findings
There was considerable heterogeneity among studies in terms of trial characteristics, participants included, intervention content, and behavioral and biological outcomes measured. As a result, meta-analysis was considered inappropriate.
All trials included in this review described outcomes on either unprotected/protected sex or sex with/without condoms as a behavioral indicator of program effect. However, the unit of analysis (couples or individuals), time intervals, type of sexual encounter (oral, vaginal, or anal) , and type of protection (male or female condom) varied between studies.
The most commonly described measure, episodes of unprotected/protected sex, was reported by four studies (El-Bassel et al. 2003 Coates et al. 2000; Harvey et al. 2004; Koniak-Griffin et al. 2008) . El-Bassel et al. (2003 reported a significant increase in protected sexual encounters in both enhanced treatment groupscouples-focused and women alone-compared with the standard education condition. Coates et al. (2000) reported that couples assigned to VCT significantly reduced unprotected intercourse with enrolment partners compared with those couples assigned to the standard health information condition. Harvey et al. (2004) compared enhanced couples-focused counseling versus standard couplesfocused education, and found no differences between the intervention and comparison group in condom use at 3 months, but did detect a significant difference between baseline and 3 month follow-up for both conditions. This lack of significant differences between the intervention and comparison groups prompted the authors to suggest that the couples-focused modality improved outcomes in both trial arms. Koniak-Griffin et al. (2008) found reduced unprotected sex at 6 month evaluation in the treatment group compared with the comparison group. Jones et al. (2005) found higher condom use among women whose partners received high intensity counseling. Farquhar et al. (2004) , reported a marginal increase in women reporting condom use after undergoing couple-counseling compared to individual counseling.
A variety of other behavioral outcomes, reflecting the differing primary aims of the studies, were reported (see Table 1 ). Coates et al. (2000) found that couples in which one or both members was HIV-positive at baseline reported reduced unprotected intercourse with primary partners but not with non-primary partners; this effect was observed for couples in both VCT and standard treatment conditions. Farquhar et al. (2004) found that women counseled with their partners were more likely to receive nevirapine during follow-up and to avoid breast-feeding their infants compared to women counseled individually. Harvey et al. (2004) found both treatment and control groups increased use of effective contraceptive methods.
Measures related to biological outcomes were described in two studies. Coates et al. (2000) found that, among couples assigned to VCT, unprotected intercourse with non-enrollment partners was associated with a significant increase in STD incidence; this was not observed among couples assigned to standard education. El-Bassel et al. (2003) reported fewer mean STD symptoms among participants in the control group compared with those in either intervention groups, but this difference was eliminated after adjusting for baseline STDs. HIV serostatus was not reported as an outcome measure in any of the studies in this review.
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Adverse events were described in two studies. In the Coates et al. (2000) trial, couple members who were assigned to receive couples-focused VCT reported a higher likelihood of being neglected or disowned by their families at the first follow-up, compared with couple members in the comparison group (reported in Grinstead et al. 2001 ). In Farquhar et al. (2004) , partners of women who tested seronegative for HIV reported a lower rather than higher likelihood of condom use at post-test, ostensibly due to a belief that partners were in a seronegative concordant relationship.
Discussion
This review included six evaluation studies of couplesfocused behavioral interventions conducted in five countries-three African countries (Kenya, Tanzania, Zambia), one Caribbean country (Trinidad), and the United States enrolling a total of 1,084 couples. Each of these studies showed that participation in couples-focused intervention programs was associated with improvements in HIV prevention behaviors, generally indicated by reduced unprotected sex. Meta-analysis of pooled effects was not permissible due to study heterogeneity. However, examination of trends across studies indicates promising effects for HIV prevention programs that address couples and dyadic relationship issues.
Strengths of this review included a comprehensive search without restriction due to country, inclusion of only high-quality evaluations which used randomized or quasi-experimental designs, and assessment of study methodology. This is the first known systematic review of couples-focused HIV behavioral prevention interventions.
Due to our inability to compute an overall effect size for these interventions, this review cannot conclude whether couples-focused HIV prevention interventions are more or equally effective as other common-and perhaps less complex-HIV prevention modalities supported in previous reviews, such as mass media interventions (Vidanapathirana et al. 2006 ) and individual or small group programs for HIV prevention (Kelly and Kalichman 2002) . Notably, one systematic review by Foss et al. (2007) of condom promotion interventions in sub-Saharan Africa and Asia found that behavioral HIV prevention interventions have been more effective for sex workers, who are likely to view sexual activity as a business transaction, and less effective outside the context of sex work, in which sexual activity may be a reflection of intimacy, trust, relationship bonding, power, or reproductive intentions. Conclusions from that review highlight the need for developing innovative HIV prevention techniques that address dyadic and relationship dynamics between partners that contribute to unprotected sex and other HIV risk behaviors.
Based on results from this review, we cannot conclude whether behavior changes associated with couples-focused interventions actually translate into reduced HIV transmission. None of the included studies examined HIV incidence as an outcome. Though two studies assessed STD incidence, only Coates et al. (2000) showed an association between increased STD incidence and unprotected sex with non-primary partners among participants receiving couples-focused interventions. This finding underscores a need for HIV prevention programs-whether individual or couples-focused-to encourage safer sex with primary as well as non-primary (e.g., casual sex) partners. This is especially crucial given findings showing that having multiple concurrent partners increases transmission of HIV across sexual networks (Halperin and Epstein 2004) . Plausibility of reducing HIV infection must be explored in future trials of couples-focused interventions.
Sources of heterogeneity should be noted. Studies varied in their definition of a ''couple'', with some providing stringent criteria about relationship duration and living arrangements, and other studies allowing index participants to identify their partner themselves. Intervention components differed substantially, with two studies evaluating couples-focused VCT and the remainder evaluating educational and counseling programs which addressed HIV risk and sexual behavior in the context of a primary relationship. In addition, although the context of a primary relationship was considered, the intervention content varied in how much they focused on relationship dynamics. Although all studies involved testing an intervention addressing both members of the dyad, they varied in the extent of inclusion of male partners and in their modality of providing the intervention-either to both partners together, to each partner separately and individually, or to partners separately and in small same-gender groups. Furthermore, the sexual behavior outcomes were often only evaluated for women, and no study utilized dyadic data analytic techniques.
Notably, all studies included heterosexual couples. No interventions for homosexual couples were identified that met inclusion criteria. Also lacking were studies in Asia, South or Central America, Eastern Europe, and many African countries highly impacted by HIV. Study sites in the United States were restricted to Los Angeles and New York. Only one program for adolescent couples was identified (Koniak-Griffin et al. 2008) .
Limitations of this review may challenge the generalizability of findings. The lack of a shared definition of being a couple might have introduced additional variability across studies, and prevents conclusions about types of couples and other factors related to relationship status that might promote intervention effectiveness. Participants and couples included in these six studies might not be indicative of most couples and relationships in their respective settings. Many studies recruited women seeking health services as index participants, and these women referred their male partners to the study. Couples-focused intervention modalities might not be appropriate for couples in which male partners are less willing to take part, younger adolescent couples, same-sex couples, and couples outside of HIV epicenters. Specific active intervention ingredients and mechanisms of behaviour change were not specified for the included studies, and so it is not possible to describe the processes by which couples-focused interventions might reduce HIV risk. Finally, despite our systematic and comprehensive attempt to search the literature, this review might not have identified all relevant studies such as unpublished reports and non-English language papers.
Couples-focused approaches to HIV prevention are still in an early phase of development. Additional methodological and measurement advances are necessary to improve on the state of science for couples-focused HIV prevention. Future investigations of couples-focused to HIV prevention should utilize analytic techniques that illuminate dynamics both within and between couples (e.g., Actor Partner Independence Model; Kenny et al. 2006) , rather than comparing individual intervention participants to control participants. High-quality evaluations of programs are urgently needed for other populations, such as homosexual men and younger adolescents, and in both urban and rural settings in the developing world and the developed world. There have been examinations of the role of relationship factors in these populations (Lescano et al. 2006; Prestage et al. 2006) , which suggest that contextual considerations such as intimacy are significantly associated with condom use. It is recommended that scientists in this topic area identify appropriate outcome measures for indicating behavior change among partners within the couple context and with outside sex partners, in order to reduce measurement heterogeneity and to facilitate future meta-analysis. Assessing incidence of biological outcomes is important to determine effectiveness of minimizing transmission of HIV and STDs.
Future couples-focused interventions for HIV prevention must be based on a stronger conceptual and theoretical understanding of the relationship dynamics that might contribute to sexual risk behaviors among couples, including gender roles, power, communication, intimacy, fidelity, reproduction goals, and family responsibilities. These factors are likely to be culturally determined and tied to norms around gender and sexuality. For example, gendered relationship and family dynamics might pose barriers to enacting safer sex intentions in more traditional cultures, and norms in some same-sex or youth communities might support more frequent high-risk sexual behaviors. Cultural and community normative beliefs and values may also differ in the extent to which individuals have multiple concurrent partners which may substantially influence risk for HIV transmission within and outside the primary relationship dynamic. As noted, concurrent partnerships have been posited to have contributed to the scale of the epidemic in Sub-Saharan Africa and in homosexual communities (Gorbach and Holmes 2003; Halperin and Epstein 2004; Kalichman et al. 2007 ), as well as increased incidence of HIV in African Americans in the southern United States (Adimora et al. 2003) . This suggests that future interventions may need to address the issue of communication about concurrent partnerships, which would include communication about condom use with outside partners. Content of future couples-focused interventions must also incorporate information about biological factors that may determine risk for HIV transmission among primary partners including partners' HIV serostatus, HIV-seropositive concordance or discondance among partners, as well as viral load and coinfection with other STDs.
Thus, given the complex context of primary relationships and the levels of analysis by which couples may face risk for HIV transmission (individual, dyadic, network, and biological levels), models of intervention must follow from a stronger understanding of couples and relationship issues, rather than solely employ individual-focused models of health behaviour change and decision making which might be inappropriate for framing couples-focused HIV prevention programs.
